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We present a systematic study of exclusive charmless nonleptonic two-body B decays including 
axial-vector mesons in the final state. We calculate branching ratios of B ^ PA, V A and AA 
decays, where A, V and P denote an axial-vector, a vector and a pseudoscalar meson, respectively. 
We assume naive factorization hypothesis and use the improved version of the nonrelativistic ISGW 
quark model for form factors m B ^ A transitions. We include contributions that arise from the 
effective AS = 1 weak Hamiltonian H^ff- The respective factorized amplitude of these decays are 
explicitly showed and their penguin contributions are classified. We find that decays B~ 
B° ^ afn^, B- ~* a^K^, B° at K' , B° ^ fiK'\ B" ^ fiK- , B" ^ 7^j-(1400)7?('', 
i3~ b'[ K*^ , and B" — > fe^7r~(if~) have branching ratios of the order of 10~^. We also study the 
dependence of branching ratios for B ^ KiP{V, A) decays {Ki = i('i(1270), Ari(1400)) with respect 
to the mixing angle between Ka and Kb- 
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I. INTRODUCTION 

Recent experimental results for _B — s- oitt and B ^Ci (1270)7 decays obtained by BABAR, Belle and CLEO Q 
have opened an interesting area of research about production of axial-vector mesons in B decays. Two-body B decays 
have been considered one of the premier places to understand the interplay of QCD and electroweak interactions, to 
look for CP violation and over constrain the CKM parameters in the Standard Model. And indeed, exclusive modes 
B — > PP, PV and VV, which have been extensively discussed in the literature have committed such expectations. 

In the search of different alternative modes to the traditional studied, we consider processes which include an axial- 
vector meson in the final state. It is expected that some of these decay channels have large branching ratios 2] and 
can be within the reach of future experiments. Moreover, they are an additional scenario for understanding QCD 
and electroweak penguin effects in the Standard Model. These modes give additional and complementary information 
about exclusive nonleptonic weak decays of B mesons. 

The two most important penguin contributions correspond to 04 and ag QCD coefficients. These coefficients have 
different sign in the amplitude M{B ^ VP), making their contribution small. For B AP decays they have equal 
sign, thus we have a bigger contribution in penguin sector. Branching ratios of these decays are good candidates to 
be measured. 

Our purpose is to present a systematic analysis about charmless modes B — > AP, B AV and B AA, similar 
in completeness to previous studies about channels B — + PP, B — PV and B VV which have been extensively 
considered in the literature [1, 0] . 

There are two types of axial-vector mesons [3]. In spectroscopic notation ^'^'^^Lj, these p-wave mesons are ^Pi and 
^Pi, with J^'-' = 1++ and 1"' , respectively. Under SU{3) flavor symmetry, the '^Pi-nonet is composed by ai(1260), 
/i(1285), /i(1420), and K^a and the ^Pi-nonet is integrated by &i(1235), /ii(1170), /ii(1380), and Kib- However, 
physical strange axial- vector mesons 7^i(1270) and ii'i(1400) are a mixture of Kia and Kib 

i^i(1270) = KiA sine + KiB cos 

ii'i(1400) = i4:iAC0s6'- i^iBsin^ , (1) 

where 9 is the mixing angle. 
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At theoretical level some authors have worked with production of axial-vector mesons in nonleptonic B decays. 
Katoch-Verma Q studied B — > PA decays at tree level using the factorization hypothesis and the non-relativistic 
Isgur-Scora-Grinstein-Wise (ISGW) quark model Nardulli-Pham in Ref. [2] did an analysis of two-body B 
decays with an axial-vector meson in final state using factorization and the B —^ Ki form factors obtained from 
measured radiative decays. They calculated the branching ratio for B —^ J/^Ki and derived some predictions for a 
few nonleptonic decays channels involving light strange or non-strange axial-vector mesons in final state using naive 
factorization and relations from Heavy Quark Effective Theory. Recently, Laporta-NarduUi-Pham l§\ presented an 
analysis about some charmless B —f PA decays including contributions of the effective weak Hamiltonian H^ff, 
assuming factorization approach and employing as inputs a limited number of experimental data. They did not use 
predictions from theoretical models for form factors. In Ref. the authors investigated B Kicj) decays employing 
the generalized factorization hypothesis and light-front approach for form factors. 

Cheng in Ref. fl(| studied Cabibbo-allowed hadronic B decays at tree level containing an even-parity charmed meson 
in final state. In this work, the author predicted branching ratios for some decays of type B AP{V) where A is, in 
this case, a charmed axial- vector meson. Calculation was performed within the framework of generalized factorization. 
Form factors for B —^ A transition were calculated with the improved version of the Isgur-Scora-Grinstein-Wise quark 
model, called ISGW2 For B ^ P and B ^ V form factors, the author used the Melikhov-Stech model 

p^ . Recently, Cheng-Chua [isj continue studying even-parity charmed meson production in B decays, calculating 
B — > D** (D** denotes a p-wave charmed meson) form factors within the covariant light-front quark model. 

Others authors have been interested in radiative B Ki decays (see for example Ref. [2]). Recently, J-P. Lee 
revisited the B ^ Ki form factors in the light-cone sum rules, and reduced the discrepancy between theoretical 
prediction and experimental data reported by Belle Collaboration [l| for ^ Ki^. Lee claims that it is necessary 
more information about the mixing angle between Kia and Kib to reduce theoretical uncertainties. In fact, this 
mixing angle has been estimated by some different methods psj . However there is not yet a consensus about its value 

CP violation effects have been also investigated in nonleptonic B decays with axial- vector mesons in the final state. 
For example, in Ref. time-dependent CP asymmetries in i?" £'*~at are studied in order to learn about the 
linear combination of weak phases (2/3 + 7). And more recently (see Ref. in an analysis of i?" af tt^ modes, 

they determined the phase cteff, which include the weak phase a and effects due to penguin contribution. Moreover, 
applying SU{3) symmetry to these decays and to B aiK and B — > Kin, they obtained bounds on {a — cteff)- 

In this paper we are interested in studying exclusive charmless nonleptonic two-body B decays including axial- 
vector mesons in the final state. We present an overview and a systematic study about this type of processes. For 
this, we compute branching ratios for exclusive channels B AP, AV, AA that are allowed by the CKM factors, 
including contributions of the effective weak Hamiltonian H^ff (tree and penguin), assuming the naive factorization 
hypothesis and using the improved version of the ISGW quark model for calculating the respective form factors 
related with B ^ A transitions. Form factors for B ^ P and B ^ V transitions have been taken from the relativistic 
Wirbel-Stech-Bauer (WSB) quark model p] and from Light Cone Sum Rules (LCSR) 

This paper is organized as follows: In Sec. II we discuss the effective weak Hamiltonian, effective Wilson coefficients 
and naive factorization hypothesis. Input parameters and mixing schemes are discussed in Sec. HI. In Sec. IV we 
present form factors for B — > P{V) transitions taken from the WSB model and LCSR approach, and B ^ A 
transitions calculated in ISGW2 model. In Sec. V is discussed the amplitudes and manner to calculate branching 
ratios for processes considered. Numerical results for branching ratios are presented in Sec. VI. We conclude in 
Sec. VII with a summary. Amplitudes for all charmless B AP, AV and AA processes are given explicitly in the 
appendices. 



II. EFFECTIVE HAMILTONIAN AND FACTORIZATION 



The basis for the study of two-body charmless hadronic i3-decays is the effective weak Hamiltonian Hef / [2l| . For 
AB = 1 transitions it can be written as 



H, 



Gf 
V2 



VubV:^{c\{p)onp) + C2{p)oi^{p)) + v,bV;^{Cli^l)0'i{^l) + C2(/.)o§(m) 
/ 10 



i=3 



h.C 



(2) 



where Gp is the Fermi constant and Ci{fjL) are the Wilson coefficients evaluated at the renormalization scale ji. Local 
operators Oi (fj.) are given below for b q transitions 
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Oi = qaY'LUa ■ U,3jf_,Lbf3 
01 = qaY'LCa ■ Cf3jf_,Lbi3 

03(5) = Qal'^Lba ■ q'p-i^L(R)q'p 
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04(6) = qal'^Lbp ■ q'p-if,L{R)q'^ 



q' 



3 ^ 

07(9) = -qa^'^Lba -Y^q'^'p^t^^i^Wp 



^8(10) = 2^al'"Lbf3 -Y^q'^'fi^f^^i^Wa 

q' 

O, = igs/8n^)rmq^a'^-^Ri\i^,/2)bpG^, , (3) 

where q can be the quarks d or s. L and R stand for left and right projectors defined as (1 — 75) and (1 + 75), 
respectively. The symbols a and f3 are SU{3) color indices and A^^ {A = 1, ...,8) are the Gell-Mann matrices. The 
sums run over active quarks at the scale fi = 0{mb), i.e. q' runs with the quarks m, d, s and c. 

We use the next to leading order Wilson coefficients for AB — 1 transitions obtained in the naive dimensional 
regularization scheme (NDR) at the energy scale fi = mi,{m(,), A.^iL = 225 MeV and rrit = 170 GeV. These values 
are a = 1.082, C2 = -0.185, C3 = 0.014, C4 = -0.035, C5 = 0.009, ce = -0.041, cr/a = -0.002, cs/a = 0.054, 
cg/a = —1.292 and cio/a = 0.263, where a is the fine structure constant, see Table XXII in Ref. [2l| . 

In order to calculate the amplitude for a nonleptonic two-body B M1M2 decay, we use the effective weak 
Hamiltonian H^ff, 



M{B ^ M1M2) = {MiM2\H,ff\B) = -^Y. C\{p){MiM2\0dp)\B) . (4) 

Hadronic matrix elements {Oi{fj,)) = {MiM2\0i{fi)\B) can be evaluated under factorization hypothesis, which 
approximates hadronic matrix element by product of two matrix elements of singlet currents. These currents are 
parametrized by decay constants and form factors. It is necessary to point out that these matrix elements as products 
of conserved currents are A;^^, n scale and renormalization scheme independent 0, [2^ . The suggested energy scale 
to apply factorization for B decays is /i/ = C(TOb). Besides this simple approximation, it is well established that 
nonfactorisable contributions must be present in the matrix elements in order to cancel the scale /i and renormalization 
scheme dependence of Ci{y). 

To solve the issue of scale /i dependence, but not the renormalization scheme dependence [2^ . it is proposed in 
Refs. [3, 0], to isolate from the matrix element (Oi(/i)) the ix dependence, and link with the n dependence in the 
Wilson coefficients Ci{^) to form cl^^ , effective Wilson coefficients independent of /i. Matrix elements {Oijtree and 
effective cl^^ Wilson coefficients are scale ^ independent, so the amplitude. Thus, we can write 



i i i 

The formula for effective Wilson coefficients and their numerical values have been given explicitly in Ref. [4] . These 
values depend on quark masses, CKM parameters and renormalization scheme. In this article we recalculate the 
effective Wilson coefficient , because there have been some changes in the CKM parameters since the authors of 
Ref. 4'| calculated them. We choose naive dimensional regularization scheme to calculate. We present the effective 
Wilson coefficients c^J^ in Table I, for b ^ d and b s transitions evaluated at the factorization scale ^.f — mt,, 
averaged momentum transfer fc^ = m^/2 and current CKM parameters, see Sec. III. 

The effective Wilson coefficients appear in decay amplitudes as linear combinations. This allows to define 
coefficients, which encode dynamics of the decay, by 
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a,; = c/^ + {i ^ odd) 

= c/^ + {i = even) , (6) 

where index i = 1, 10 and Nc = 3 is the color number. In Table II, we give the values for b ^ d and b ^ s 
transitions calculated with the effective Wilson coefficients c^-^-^ , given in Table I. 

TABLE I. Effective Wilson coefficients c^^^ for b —* d and b s transitions. Evaluated at fif = irib and — ml/2, where we 
use the Wolfenstein parameters A = 0.2272, A = 0.818, p = 0.227 and r? = 0.349, see Sec. III. 



w 

^1 

e// 
^5 



8 

eff 
9 



b~*d 

1.1680 

-0.3652 
0.0233 + i 0.0036 
-0.0481 - i 0.0109 
0.0140 + i 0.0036 
-0.0503 - i 0.0109 
-0.0310 - i 0.0317 

0.0551 
-1.4275 - i 0.0317 

0.4804 



1.1680 

-0.3652 
0.0233 + i 0. 
-0.0482 - i 0. 
0.0140 -f- i 0. 
-0.0504 - i 0. 
-0.0312 - i 0. 

0.0551 
-1.4277 - i 0. 

0.4804 



0043 
0129 
0043 
0129 
0357 

0357 



TABLE II. Effective coefficients ai for b ^ d and b ^ s transitions (in unit of 10 * for 03, aio). 





b-^d 


b^ s 


ai 


1.046 


1.046 


a2 


0.024 


0.024 


as 


72 


72 


ai 


-403 - i 97 


-404 - i 115 


as 


-28 


-28 


tte 


-456 - i 97 


-457 - i 115 


a? 


-0.92 - i 2.31 


-0.94 - i 2.61 


ag 


3.26 - i 0.77 


3.26 - i 0.87 


ag 


-92.5 - i 2.31 


-92.5 - i 2.61 


aio 


0.33 - i 0.77 


0.33 - i 0.87 



III. INPUT PARAMETERS 

We parametrize the CKM matrix in terms of the Wolfenstein parameters A, A, p and fj [2f 



l-iA^ A AX^{p-iT])\ 

-A l-iA2 AA2 (7) 

AX^l-p-ifj) -AX^ 1 J 

with p = p{l- AV2) and fj = r]{l - X^/2), including 0{X^) corrections 

By a global fit that uses all available measurements and that imposes unitary constrains, the Wolfenstein parameters 
are precisely determined. There exist two ways to combining experimental data, the frequentist statistics [27| and the 
Bayesian approach [2I], providing similar results^ Thus, we take for the Wolfenstein parameters the central values 
A = 0.2272, A = 0.818, p = 0.221 and 77 = 0.340 [5]. 

The running quark masses are necessary in calculation of penguin terms in the amplitude where appear scalar and 
pseudoscalar matrix elements which are reduced by use of Dirac equation of motion. Running quark masses are given 
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at the scale /i « mf,, since energy released in B decays is of order nib- We use niyirnh) = 3.2 MeV, md{mh) = 6.4 
MeV, TOs(mb) = 127 MeV, mdmb) = 0.95 GeV and mb{mb) = 4.34 GeV, see Ref. 

Decay constants of pseudoscalar and vector mesons are well determined experimentally. We use the following values 
[|: = 130.7 MeV, fx = 160 MeV, fp = 216 MeV, = 195 MeV, Jk* = 221 MeV and = 237 MeV. 

The Lo — 4>, — oj, Tj — rj' and Kia — Kib mixing are introduced through mixing in decay constants and form factors. 
We consider ideal mixing for the system [uj, <j)), i.e. uj = l/^/2{uu + dd) and (j) = ss. In next section we will discuss 
mixing in form factors. In the following we describe mixing in decay constants. 

For the t] — rj' mixing we use the two mixing angle formalism proposed in [sol . l3ll | , which define physical states 77 
and r/ in terms of flavor octet and singlet, 778 and 770, respectively: 



[77) = cos 6*81778) - sin 6*01770) , 

\r]') = sin6'8|778) +cos6'o|77o) . (8) 

We introduce decay constants for 778 and 770 by (0|A^|77( \p)) = if^c)Pp- (0|^Jlk/ Hp)) — ''■f^jOPi^- Considering 
that 778 and 770 in terms of quarks are 

I778) = —=\uu + dd — 2ss) , 
V6 

\rio) = —^\uu + dd + ss) , (9) 
v3 

induce a two-mixing angle in decay constants f^^,^ , defined by (0|g7^75g|r7*^ Hp)) — ^/^oP/i; 

= Asinflg + ^cos^o , 
/^^ = -2^ sin ^8 + ^ cos 00 (10) 

and 



n = ~ '^^^'^ ° ' 

/^^ = -2 A cos 08 cos 6^0 . (11) 

From a complete phenomenological fit of the 77 — 7/ mixing parameters in Ref. f3lj we have 6*8 = —21.1°, 9o = —9.2°, 
= -15.4°, /s = 165 MeV and /o = 153 MeV. Replacing values in Eqs. (jlOllip . the decay constants are = 61.8 
MeV, = 138 MeV, = 76.2 MeV and ff^ = -110.5 McV. To include in the mixing scheme the t/^, in the 

calculation we use decay constants defined by (0|c7^i75c|77^ ^) — if^i^Pp, as are obtained in Ref. ^31]: — — (2.4±0.2) 

MeV and f^, = -(6.3 ± 0.6) MeV. 

In evaluating hadron matrix elements of scalar and pseudoscalar densities in some penguin terms the anomaly must 
be included in order to ensure a correct chiral behavior for that matrix elements. The expressions are [32j 



(7,(''|S75u|0) - (77(')|d75d|0) =r^(',(7,n|s^5s|0) 
9 

77^, 
V_ 

2m 



(/)|,^3,|0)=-z!^(/;,, , (12) 



where the ratios r^ji and are defined by 



v/2/o'-/8 cos g + (1/^/2) sing 
V2/I - cos6'- V2sin6l 
1 V^fo - fs cos0-V2sin0 



^V^i-fi cos0+(l/x/2) sm0 



(13) 
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the numerical values obtained are r^' = 0.462 and = —0.689. 

The physical states i4ri(1270) and i4ri(1400) result from the mixing of Kia and Kig, ^Pi and ^Pi mesons, respec- 
tively, see Eq. ([T]). From experimental data on masses and partial ratios of if i (1270) and if i (1400), it is found two 
solutions for the mixing angle with a two-fold ambiguity, 9 — ±32° and 9 = ±58°. The masses for the states Kia 
and KiB are itikia — 1367 MeV and niKiB = 1310 MeV, respectively. From r decays, the decay constants of the 
physical states are determined. The values obtained are /ki(1270) = 171 MeV and /i<-i(1400) — 126 MeV [2], using 
data from Ref . [1| . 

Thus, we have experimental information to determine decay constants for strange axial-vector mesons. That is no 
the case for non-strange axial- vector mesons. But, using the mixing angle of the system Ka — Kb and SU{3) symmetry 
it is derived decay constants for axial- vector mesons: {fbi , fai) = (74, 215) MeV for 9 = 32° and {fb^ , /ai ) = (—28, 223) 
MeV for 9 = 58°, see Ref. 0. Since, fi and hi are in the same nonet that Oi and &i, respectively, by SU{3) symmetry 
we consider equal decay constants. In the calculations of branching ratios we use the values /m = //^ = 215 MeV and 
fbi = fhi = 74 MeV. However, in the exact limit of SU (3) symmetry we have ft,^ = fh^ = 0. We calculate branching 
ratios and determine the modes which change in that limit. 

Matrix elements for B Ki transitions are calculated in the flavor base Kia — if is- In calculation of amplitude 
involving a final physical state as if i (1270) or if i (1400) we transform matrix elements from the flavor base to the 
physical base using Eq. ([T]). 

We use for B meson lifetime Tg- = (1.638 ± 0.011) x lO^^^s and tbo ^ (1.530 ± 0.009) x lO^^^s, see Ref. @, 
necessary to calculate branching ratios. 



IV. FORM FACTORS 



As was stated in Sec. II, hadronic matrix elements {Oi)tree are given in the factorization hypothesis in terms of 
decay constants and form factors. Unfortunately, due to nonperturbative nature of these matrix elements, there is no 
complete reliable calculations and only model dependent evaluations are used for them. 

We use the WSB model and LCSR approach to determine form factors ioi B ^ P and B ^ V transitions. In 
the WSB model and LCSR approach, the form factors for B ^ A transitions have not been calculated. Thus we 
calculate form factors for B ^ A transitions in the ISGW2 model [ll[. In the following subsections we give relevant 
information to calculate form factors in the respective models. 



A. Form factors for B P{V) in the WSB model and LCSR approach 



In the WSB quark model meson-meson matrix elements of currents are evaluated from the overlap integrals of 
corresponding wave functions, which are solutions of a relativistic harmonic oscillator potential. For momentum 
transfer squared dependence of form factors in the region where is not too large, we shall use a single pole 
dominance ansatz, namely 



f(i") = n 2, ' (14) 

(1 - qymi) 



where is the pole mass and /(O) the form factor at zero momentum transfer given in Ref. [19|. Note that the 
original WSB quark model assumes a monopole behavior for all form factors. 

The WSB model has been quite successful in accommodating data in an important number of exclusive semileptonic 
and nonleptonic two-body decays of D and B mesons. 

Form factors for B ^ P transitions are deflned as follows 



{Pipp)\V^\BipB)) 



{PB +PP) 



F^{q' 



(15) 



where q = {pb ~ Pp)i well as form factors for B ^ V transitions by 
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{V{pv,e)\{V^-A^)\BipB)) 



{niB + my) 



e* -q' , 



—q'^ {niB +mv)Aiiq ) 



(16) 



(pb +Pv)f, 



(ms + my) 



9pAo(9'') 



where q' — (pB — Pv) E^nd e is the polarization vector of V . In order to cancel the poles at q^ = 0, we must impose 
restrictions over form factors 



Fi(0) = Fo(0) , 

2mvAo{0) = {niB + my)Ai(O) - (m^ - my)A2(0) . (17) 

In Table III form factors are given for transitions required in calculations: form factors for B n, B ^ K , B ^ rj, 
B ?/, B ^ p, B K* and B ^ uj are evaluated at the q^ — Q momentum transfer. With respect to B ^ -q and 
B — !■ ?/ transitions the WSB model does not include the rj — rj' mixing effect. We better consider SU{3) symmetry 
and use the relations F^'^{0) = \/3i^^'"'(0) = \/6F^^^^{0), calculating physical form factors from 

pBr, ^ F^'tecos6i-F^''Osin6l , 

pBv' ^ F'^''»sin6l + F^''°cos6l , (18) 

for i^^^(O) = 0.333 and the mixing angle 9 = -15.4° [311], we obtain the values F^''(0) = 0.181 and F^'''(0) = 0.148. 

The p° — w mixing and isospin breaking effects are introduced in hadronic matrix elements B p''\ following Ref . 
[33| . In the limit of isospin symmetry isospin eigenstates and uj^ expressed in the flavor basis are p^ = {uu — dd)/y/2 
and cu^ = [uu + dd)/^/2. The physical states and to are expressed in term of p^ and by 

\p^)^\p')+e\^') 
\u^)^\u')-e'\p') 

where the numerical values for mixing parameters are (1 + e) = (0.092 + 0.016i) and (1 — e') = (1.011 + O.OSOi). The 
hadronic matrix elements for the B p^ and B ^ uj transitions including isospin effects change by the factor (1 + e) 
and (1 — e'), respectively. The effect in B u transitions is negligible and it is not included in branching ratios 
predictions. 

In the LCSR approach form factors for B decays are given in terms of the correlation function of the weak current 
and the current with quantum numbers of B meson, evaluated between the vacuum and a pseudoscalar or a vector 
meson. The like cone expansion allows to calculate in the large virtualities of these currents. In the short virtualities 
regime, the LCSR approach depends on the factorization of correlation function into nonpertubative and universal 
hadron function amplitudes which are convoluted with process depend amplitudes. 

In Ref. [13] form factors for B ^ P and B ^ V transitions are calculated in the LCSR approach. In Tabic III 
form factors values at zero momentum transfer are showed, for the set 2 of parameters, taken from Ref. 20]. For the 
q^ dependency of the form factors we use the fit parametrization done in Ref. [20| , valid for the full kinematic regime. 



— {l + e)\uu) + ^{-l + e)\dd) 
l=il-e')\uu) + ^il + e')\dd) . 



(19) 



B. Form factors for B ^ A in the ISGW2 model 



The ISGW2 model is based in a nonrelativistic constituent quark representation. In the original ISGW model 
form factors only depend on the maximum momentum transfer, q^ = Qm- this model form factor dependence is 
proportional to exp[— (g^^ — g^)], consequently the form factors diminish exponentially as function of (q,^„ — q^). This 
behavior has been improved in the ISGW2 model [ll[ by expressing the q^ dependence as a polynomial term which 
must be multiplied by a factor which depends on the hyperfine mass. In addition, the improved model incorporates 
constrains imposed by heavy quark symmetry, hyperfine distortions of wave functions and a more real high recoil 
behavior. 
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TABLE III. Form factors at zero momentum transfer for B ^ P and B —*V transitions, evaluated in the WSB quark model 

[3 and LCSR [ij. 



Transition Fi = Fq V Al A3 = Aq 

B ^Tv 0.333 [0.258] 

B 0.379 [0.331] 

B -> »7 0.168 [0.275] 
B -^ri' 0.114 [-] 

B^p 

B ^LO 

B ^ K* 



0.329 [0.323] 0.283 [0.242] 0.283 [0.221] 0.281 [0.303] 
0.232 [0.311] 0.199 [0.233] 0.199 [0.181] 0.198 [0.363] 
0.369 0.293 0.328 0.219] 0.331 [0.198] 0.321 0.281 



We have made use of the ISGW2 model to determine form factors for B ^ A transitions. The vector and axial 
part of matrix element for these transitions are parametrized as 



{A{pA,<^)\{V^~ A^,)\B{pb)) = le,^ + {e-PB) c+ [vb + Pa)^, + c- [ps - Pa) 



'iqf-ij.uai3 e'' {PB +paT{pb - pa) 



(20) 



where A[pA, e) is a ^Pi axial-vector meson. For the ^Pi axial- vector meson we change in the above matrix element I, 
c+, c_ and q by r, s+, s_ and v, respectively. 

Considering B ^ A transitions, at quark level 5 — > gi, axial- vector meson A has the quark content 9152, being 52 
the spectator quark. Thus, form factors defined in the ISGW2 model have the following expressions 



/ = -rriBfiE 



1 



m2TOyi(J) — 1) / 5 -f- 



q = 



TO2m^ 
2mimBPB 

ni2rhA 
2mimBPB 

7712 f 5 

2mAf3B 



77li7772 



1 7772 l3'_ 



67771 



2/l_ 777^ f3%^ 



PI 



2rhAH- 



BA 
7771 7(1,2 (3' 



2777AM- PbA 



■^5 



(0 



(21) 



for the ■^Pi axial-vector meson and 



rriB^B 

7772 



m2mA ,^ 



37771/32, 



(r) 



V^fiiB^B "mi 



"^2 ^ m2 Pi \ 



2^l+ /32 



7772 



4 - w 



777 i 7772 /3 



BA 
2 



2777AM+ 



BA 



rfiBPi 



(CJ - 1) 7772 

4\/2777b7)7l777A 6\/2 mA^B 



(22) 



1 (i) 

for the Pi axial- vector meson. The factors in the above expressions are defined by 



and the Fn function by 



1/2 



BA 



^/2 



t) 



-3 



where 



+ 



BA 



16 



In 



as(mi) 



(24) 



(25) 



The parameters mi and m2 are masses of quarks qi and 92, to is the hyperfine averaged mass, to is the sum of the 
masses of constituent quarks, t,n — {ttib — tt^a)^ is the maximum momentum transferred, rif is the number of active 
flavors at the b scale and as{n) is the QCD coupling at the /i scale. The parameters (3b, Pa are obtained from the 
model, see Ref. [TTI|. Moreover, we use the definitions 



1 _^ 1 

TOl TOfc 



in 



t 



2mB'mA 



(26) 



and/3|^ = l/2(/3|+/32). 

In Table IV, we list values of form factors at momentum transferred t — rn^. Form factors are functions of 
momentum transferred t = {pB —paY: see Eqs. (I?!]) and P^ . In general, form factors vary from to^ to 'm\^(^i^QQy 
in just only 4%. In addition, values for the form factors depend strongly on the parameters /3b = 0.43 and (3 ~ 0.28 
calculated in the model. 

We calculate form factors for B Kia and B Kib transitions in SU (3) base. Branching ratios are calculated 
with physical form factors, which are obtained from the mixing, see Eq. p^. 

TABLE IV. Form factors at momentum transfer t — for B ^ A transitions, evaluated in the ISGW2 model [ll[. 



Transition 



I 



B ^ ax 
B^KiA 

B ^bi 
B ^hi 
B^KiB 



-0.0417 
-0.0427 
-0.0593 

V 

0.0319 
0.0324 
0.0323 



-1.7469 
-1.7603 
-1.8567 

r 

0.9404 
0.9214 
0.8956 



-0.0101 
-0.0103 
-0.0155 

s+ 
0.0177 
0.0134 
0.0275 



-0.0012 
-0.0012 
-0.0011 

S- 

-0.0082 
-0.0051 
-0.0124 



To compare form factor values for B ^ A transitions with those oi B V transitions, we can define B ^ A 
transitions in same basis as the used in the BSW model, see Eq. (fT7|) . We change the symbols for the form factors V 
and ^0,1.2 by A and Vb,i.2, respectively. These form factors are related to form factors in the 1SGW2 model by 



A{q") = -{tub + mA)q{q'^), V^{q'^) = ^^^'^ ^2(9'^) = -(m^ + mA)c+{q'^) 

{■niB + mA) 



Vo{q") 



2mA 



[l{q'') + {ml-m\)c+iq'') + q"c.{q")] 



(27) 
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In Table V, we show form factor values for i? — > A transitions at momentum transferred t = m^, which correspond 
to those of Table IV. 

TABLE V. Form factors Vo i 2 3 and A at momentum transfer t = rn^ for B ^ A transitions, evaluated in the ISGW2 model 

EH- 



Transition 


A 


Vi 


V2 


Vi = Vo 


B 


ai 


0.271 


-0.268 


0.068 


-0.818 


B 


h 


0.280 


-0.268 


0.068 


-0.792 


B 




0.389 


-0.283 


0.102 


-0.890 


B 


bi 


-0.208 


0.145 


-0.115 


0.572 


B 


hi 


-0.209 


0.143 


-0.086 


0.546 


B 


KlB 


-0.216 


0.134 


-0.184 


0.573 



V. AMPLITUDES AND BRANCHING RATIOS 

Let us present a comparison between B ^ V and B ^ A transitions, which seems straightforward. First, we can 
see, from sections 2, 4, and 6 in appendix B in Ref. 7], that parametrizations of {V\J^\B) and (AjJ^Ji?) are only 
different by a global sign, with the substitution of the form factors f l,r, a± ^ c±, s±, g q,v. This is because 
behavior of currents and are interchanged. Moreover, this implies that expressions for decay amplitudes and 
decay rates, at tree level, for the processes B — VP, VV and B — > AP, AV, and AA, respectively, are identical. 

On the other hand, the situation is different when tree and penguin contributions are considered. The expressions 
of decay amplitudes for processes B AP (see appendix A) and B VP (see appendices in Refs. [1, are equal 
when only QCD parameters 03, 04, ag and aio contribute. When QCD parameters ag and Og contribute then the 
linear combination (zaQ + yas) is affected by a global sign and 1/ (rub — mq), which is a factor of this linear combination, 
changes by l/(rn6 -l- mq). Relevant contributions in penguin sector are coefficients 04 and ag (see appendix A); in 
B A transitions ag and 04 have same sign. This fact implies that these terms are summed so their contribution 
increase. In B V transitions, these terms have different sign thus their contribution decrease. The contributions 
corresponding to as and a^ change sign when the axial-vector or the vector meson arises from vacuum, but they are 
not affected if the pseudoscalar meson is produced from vacuum. 

Now we are going to compare penguin contributions to decay amplitudes M{B ^ AV) (see appendix B) with the 
ones A4{B ^ VV) (showed in appendices F and G in Ref. [3]): (i) in both cases contribution of parameters ag and 
ag does not appear; (ii) sign of contribution given by parameters as and 07 changes when one goes from B ^ V, A to 
B->V,V; (in) in modes B ^V V'^'^^'sed B ^V A'^'^'^'S'"^ always appears the contribution (a4 -I- aw). 

In Table VI, we have summarized penguin contributions to decay amplitudes for modes B —f AP displayed in 
appendix A, without including P = 'q^\ These decay amplitudes can be classified in two groups from these con- 
tributions. The first group is integrated by decays where a charged meson in final state is produced from vacuum 
and penguin contribution is given by the linear combination (a4 -I- aio) -I- a(a6 -I- a^jR, i.e., parameters aeven only 
contribute to this group. Additionally, in this group we find two cases with a = and a = 1, which correspond to 
modes B p^^charged ^^^^ ^ _^ pcharged ^ respectively Here the notation B Mi, M2 means that meson M2 
can be factorized out under the factorization approximation. 

The second group is integrated by decays where a neutral meson is factorized out under factorization approximation 
independently if it is pseudoscalar or axial- vector. Penguin contribution is given by the linear combination ai(a4 — 
aio/2) + a2{ae — a^/2)R -{- a^la-j — ag) -I- a4(a3 — as). Pure penguin contributions belong to this group and have 
contributions of aeven- They arise when the axial- vector meson or the pseudoscalar meson is a neutral strange meson 
and, of course, it is produced from vacuum. QCD parameters a4, ag, ag and aio contribute when the pseudoscalar 
meson is factorized out under factorization approximation, a4 and aio when the axial-vector meson arises from 
vacuum. Note, that in general, decays _B — > P, A do not have contributions from ag and ag. 

In Table VII, we have classified penguin contributions to decay amplitudes A^(i? — > AV) which are showed in 
appendix B. There are two types: in one of them the linear combination ai(a4 -I- aio) + c^2{a^ ± ag) contribute. It 
occurs when decays B ^ A, y 'Charged p ^ ^charged ^^.^ produced, i.e., when a charged meson in the final state 
arises from vacuum; in the other case, a neutral meson is factorized out under factorization approximation and the 
linear combination /3i(a4 — aio/2) -I- /32(a3 ± as) -I- ^3(07 ± ag) contributes. Pure penguin contributions belong to 
it. Parameters Qodd contribute to decay amplitude of pure penguin modes B'^ — > alfi and — > alcj). Like decays 
B ^ P, A, in general, decays B AV do not have contributions from ag and ag. 

Penguin contributions of decay amplitudes A4{B ^ AA) (see appendix C) can be classified in a similar way. There 
are two groups. In one of them a charged meson is factorized out under factorization scheme and only and aio 
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parameters contribute by means of the linear combination (04 + oio)- In the other group a neutral meson is produced 
from vacuum. In this case the linear combination Ci(a4 — aio/2) + C2(a3 — 0-5) + C3{<^7 ~ <^9) contribute. In Table VIII, 
we display the respective coefficients Q. Again, pure penguin decays are in this group. 

TABLE VI. Coefficients of the linear combinations (04 + aio) + a{ae + as)R and 
0:1(04 — aio/2) + 02(06 — as/2)R + 03(07 — 09) + 04(03 — 05) corresponding to penguin contribution of decay amplitudes 
M{B ^ AP) without P = tj^'K The coefficient R is given by 7? = 2mp/(mi +1112) {mi, — ms). 



Decays 










a ai 02 ct3 04 




; B- 


^7r^o^;B^' 




; B-^7r",Kr 





B° o+,7r- 


; B- 


^o°,7r-; B° 


^a+,K- 


; B- a\,K-; B' - 


-^fu^-;B-^fuK- 1 



^o'i',7r"; B" -»or,7r°; S°^/i,7r° ±1 ±1 ±3/2 

B° ^n°,a'i; B- ^7T-,a1 -1 -3/2 

B° ^ K°,fi; B- ^ K-,fi -1/2 2 

B° ^ fi,K°; B- ^a-,K°; B° ^a1,K°; B^^ Kl,K°- B- ^K^,K° 110 

B'^ ^ K'^.al; B- ^ K-.al: B_- ^ R-.n'^-, B'^ ^ K"i,n'^ -3/2 

B"^-", K":B — TT , K'l: B" ~ K"- K'l: B — A' . A'l' 1 I) 



TABLE VII. Coefficients of the linear combinations qi(o4 -|- oio) -|- 02(07 ± 09) and /3i(o4 — aio/2) -|- /32(a3 ± 05) -|- ^3(07 ± 09) 
corresponding to penguin contribution of decay amplitudes M{B ^ AV). 

Decays oi 02 /?i /32 /Ss 

B" p+,a-{K-); B^^at,p-; B" (B-) ^ at (a^i), K*-; 

B- -^LO,a^{K^)- B- ^ fr,p-{K*-); B- ^ p'>,K^ 10 

B- ^or,p"; B- p- ,a'i{K'{)- B" ^ a'lK*"; B" -^a]:,K*''- B" ^ fi{K'i), K*''; B" ^uj,K'i ±0 0~ 

S°^o?,pO;BO^pO,o?;B°^o.,o?;BO^/i,pO -1 ±3/2 

B'' ^ K*°,a!l; B- ^ K*^,a1; B" ^ K^,p°; B- ^ K^,p° 0-3/2 

B°-.o;,^;B- ^or,w;B°-^p°,/i;B-^p-,/i;B°^/i,w;B°^a>,/i 1 2 ±1/2 

B° ^ a°i,(l>- B^ ^ fi,(t> _ _ 1 -1/2 

B° ^ K*'',fi; B- ^ K*-,fi; B° ^ Kloj; B- ^ K^,u; 2 -1/2 

B° ^ Kl,(l); B- ^ Ki,(l) 1 1 -1/2 



TABLE VIII. Coefficients of the linear combination (^1(04 — aio/2) ± ("2(03 — 05) ± C3(a7 — 09) corresponding to penguin 

contribution of decay amplitudes M{B ^ j^^^neutraiy 



Decays Ci C2 Ca 

B" -^a'(,a1; B" f^a^i -1 -3/2 



B° ^ al, fy, B- ^ , fi_ _ _ 1 2-1/2 

^ a\,K'i; B' Oj^, AT?; B° ^ /i , if? 1 

B° K^,al; B' ^ K:[ ,al -3/2 

B° ^ m, /i; B- ^K^Ji 2 -1/2 



In appendices we give explicitly the amplitudes to the processes studied in terms of form factors for B —^ P, B —^ V 
and B ^ A transitions. In appendix A we have a common factor (e* ■ ps) which is not included in the expressions 
to simplify. And wc use the symbol Ki to indicate the axial-vector mesons 7^1(1270) or 7^1(1400). In appendices we 
have the factor Gf/^/^ common to all amplitudes. 

It is straightforward to calculate the branching ratios from amplitudes and input parameters. However, here we 
give general expressions which are useful in decay rates estimations. The decay rate formula for B — > AX decays is, 
in general, given by 



T{B AX) = ^\M{B - AX)\^ (28) 



where Pc = \^^^{rn^,m\,m'y)/2mB is the momentum of decay particle in the rest frame of B meson and X can be 
P,V or A and A(a, b, c) = ± 6^ ± - 2{ab + ac + be) 
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For branching ratios of B ^ AP decays, we note that ampUtude Ai{B ^ AP) is proportional to (e^ • pb)- Thus 
amphtude squared is proportional to |(£^ • Pb)\'^i which is easily calculated. The general decay rate formula for 
B AV decays is more involved, because the amplitude A4{B ^ AV) includes an interfering term. Since the long 
expressions we do not write here. 

VI. NUMERICAL RESULTS 

In this section we present our numerical results. In Tables IX-X, XI-XII, and XIII-XIV we display branching ratios 
of B ^ AP, B AV and B — > AA decays, respectively, using the improved version of the ISGW quark model [ll| 
for calculating form factors for B ^ A transitions. 

Branching ratios for B AP decays, where A is a '^Pi nonstrange axial-vector meson (see Table IX) are bigger 
than ones where A is a ^Pi nonstrange axial-vector meson. The ratio Br{B A{^Pi)P)/Br{B A{^Pi)P), where 
mesons A{^Pi) and A{^Pi) have the same quark content, is ^ 1.6 — 4.5, except for a small number of them. The 
mode B~ — > a~[K^ , which is a pure penguin channel, is the most dominant (its branching ratio of 84.1 x 10~^ is the 
biggest). Penguin contribution to this mode is given by a^ven parameters. Other dominant decays are B'^ a^TT~ and 
B^ — > a^K^ , whose branching ratios are 74.3 x 10^^ and 72.2 x 10~^, respectively. In these decays there is a destructive 
interference between penguin and ly-external or ly-internal contributions. On the other hand, a similar situation 
is found changing a ^Pi meson by a ^Pi meson with the same quark content (see fourth column in Table IX). At 
experimental level there is not enough information. Our predictions for Br{B'^ a^n^) = 36.7 x 10^^ and Br{B° 
a^TT") = 74.3 X 10~^ are consistent with the experimental average value Br{B^ — afir"^) = (40.9 ± 7.6) x 10~^ [1]. 
This average includes BaBar and Belle results fl]. Finally, we want to mention that our predictions are at the same 
order that the ones obtained by Laporta-NarduUi-Pham (see Tables V and VI in Rcf. [8] ) , although our values are in 
general bigger, except in a few modes. 

In Table X, we show branching ratios for B KiP decays for two values {0 — 32°, 58°) of the mixing angle 
Ka — Kb- The strange axial-vector meson is /4ri(1270) or i^i(1400). In this case, the most dominant decays are 
B^ K^{lAOO)r]^ \ with branching ratios of 0(10"^). On the other hand, branching ratios of modes B^ 
K^TT+, S° K^TT°, B- ^ K^Tr°, B' K^tt' , B° K^K° and B' ^ K^K', where the Ki meson can 
be iiri(1270) or iiri(1400), are not sensitive to the value of the mixing angle. On the contrary, branching ratios 
of B° K^{1270)'n'-'\K°) and B' {1270)r]^'HK°) strongly depend on the mixing angle. The same decays 

but changing i^i(1270) by 1^1(1400) are not very sensitive to this angle. Branching ratios of i? ^ i^i(1270)P and 
B Ki{UOO)P are smaller with 9 = 32° and 6 = 58°, respectively. Laporta-NarduUi-Pham, in Table IV, Ref. [Sj, 
displayed some of the branching ratios that we present in Table X. In general, both predictions agree. 

In Table XI, we display branching ratios for B — > AV decays with A being a^Pi or a ^ Pi nonstrange axial- vector 
meson. The most of these decays are suppressed. In general, Br{B A(^Pi)V) is bigger than Br{B A{^Pi)V), 
where mesons A{'^Pi) and A{^Pi) have the same quark content. In this case, dominant decays are B^ fiP , B^ 
a^p^. Their branching ratios are 0(10^^). If we compare Tables IX and XI we found that Br{B AP{qiq2)) > 
Br{B ^ AViqiq2)). 

In Table XII, we present branching ratios for B KiV decays for two values {9 = 32°, 58°) of the mixing angle 
Ka — Kb- The strange axial-vector meson is i4ri(1270) or i4ri(1400). These decays are, in general, suppressed. The 
dominant decays are B° K^{UOO)K*°, B' K:[{UOO)K*° and B' K^{1270)K*-. Their branching ratios _are 
O{10-^). On the other hand, the branching ratios of modes P° K^ p+ , B- K°p-, B- K-cu, B° -> K^K*° 
and B^ K^K*", with Ki = iiri(1270), i^i(1400), are not sensitive to the value of the mixing angle. On the 
contrary, branching ratio of B° K^{1270)K*° and B- K:[{1270)K*° strongly depend on the value of 0. The 
predictions obtained in Ref. [§] (see Tables II and III) for B i^i (1270)0 and B ifi(1400)(/) and our predictions 
for these modes do not agree, except for the case with N^-^^ — oo and — 58° (with /i = 2.5 GeV or /i = 4.4 GeV). 
In this case the respective branching ratios are 0(10^^). 

The branching ratios for B hi{hi)P and B — > hi{hi)V decays are calculated in the S'C/(3) symmetry limit, i.e. 
/hi = fhi = 0. In Table XIII we include the modes which change values with respect to Tables IX and XI. The 
branching ratios for B^ — > 6j~7r"'" and B^ decays are zero since the amplitude is proportional to the decay 

constant fb-^. The branching ratios for B^ b'^T^^, B^ b^rj'^ \ B^ b^uj decays decrease by one order of 
magnitude and for B~ hiK*~, B^ hiK*^ decays decrease by one half order of magnitude with respect to the 
values in Tables IX and XI. The modes B^ biij' , B^ b^uj and B^ hip^ increase by one order of magnitude. 

Moreover, in Tables IX- XII, between brackets we show values corresponding to the branching ratios B AP 
and B AV, where B P{V) transitions are calculated in the LCSR approach. The values with the symbol [— ] 
represent branching ratios which basically have equal value with respect to the calculated with the WSB model. In 
general, the branching ratios are smaller compared with the calculated with the BSW model. The branching ratios 
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for B~ a^i^, B~ — > b^oj and B Kioj decays increase their values, because in the LCSR approach the form 
factors for B ^ lo transitions are bigger compared with the BSW model. 

In Table XIV, we present branching ratios for five B — s- AA decays, where ^ is a nonstrange axial-vector meson. 
The branching ratio of & a^a^ is 0(10"^). In this group, this decay is dominant. From Tables XI (see second 
column) and XIV we conclude that Br{B a[V{qiq2) ^ Br{B a^A{qiq2)), where V and A are nonstrange 
mesons. 

In Table XV, we show branching ratios for B ^ KiA decays for two values {9 — 32°, 58°) of the mixing angle 
Ka — Kb- The strange axial-vector meson is A'i(1270) or i4ri(1400). Branching ratios of the decays K^af 
and B~ K^a^ are not sensitive to the mixing angle. In this group, Br{B^ — > {1270)ai ) ^ 10^'' is the biggest. 
From Tables XII and XV we conclude that Br{B Kip) ~ Br{B Kiai). 

Finally, in Table XVI, we present a summary about experimental information given in Ref. [5] for branching ratios 
of some charmless B AP, AV, AA decays. In general, bounds for these branching ratios are < (lO^'^ — 10^^). There 
is a similar situation for charmed and charmonium B decays 

TABLE IX. Branching ratios (in units of 10~®) of B ^ AP decays, where A is a nonstrange axial- vector meson, using the 
ISGW2 form factors for B ^ A transitions and BSW [LCSR] for B P transitions. 



Mode 


B 


Mode 




B 




— > tt"*" 


36.7 [23.5] 


B" 






4.4 [2.8] 


5° 




74.3 [-] 


B° 






36.2 [-] 


5° 




0.27 [-] 


B° 






0.15 [-] 


B- 




13.6 [7.8] 


B- 






4.2 [3.1] 


B~ 




43.2 [-] 


B- 




. b'iTv- 


18.6 [-] 


5° 




0.54 [-] 


B« 


> 




0.17 [-] 


B- 


^ Hi 77 


13.4 [9.1] 


B- 




bi n 


0.88 [0.51] 


5° 




0.09 [-] 


B° 




ifi 1 

biV 


0.02 [-] 


B- 


fli V 


13.6 [10.1] 


B- 




biv' 


0.02 [0.001] 


B° 




42.3 [-] 


B« 




blK" 


19.3 [-] 


B° 


a+R- 


72.2 [-] 


B" 




b+K- 


35.7 [-] 


B- 




43.4 [-] 


B- 




blK- 


18.1 [-] 


B- 


a^K'^ 


84.1 [-] 


B- 




b-K'> 


41.5 [-] 






0.47 [-] 


B« 






0.16 [-] 


B- 


-> /iTT 


34.1 [-] 


B- 




■ hlTT^ 


18.6 [-] 


5° 


flV 


37.1 [-] 


B« 




hiT] 


18.2 [-] 


5° 




22.1 [-] 


B° 




hiv' 


11.2 [-] 


5° 




34.7 [-] 


B° 






19.0 [-] 


B- 


^ fiK- 


31.1 [-] 


B' 




hiR- 


19.0 [-] 



TABLE X. Branching ratios (in units of 10 ^) of _B ^ AP decays, where A is a strange axial- vector meson if 1 (1270) or 
is:i(1400), using the ISGW2 form factors ior B ^ A transitions and BSW [LCSR] for B ^ P transitions. 



Mode 


B (32°) 


B (58°) 


Mode 




B (32°) 


S(58°) 




iff (1270)7r+ 


4.3 [2.8] 


4.3 [2.8] 


B" 




iff (1400)7r+ 


2.3 [1.5] 


2.3 [1.5] 


P« 


-> A'?(1270)7r" 


2.3 [1.5] 


2.1 [1.4] 


po 




iff(1400)7r'^ 


1.7 [1.3] 


1.6 [1.3] 


B- 


ifj-(1270)7r° 


2.5 [1.6] 


1.6 [0.9] 


P~ 




■ iff (1400)7r° 


0.67 [0.51] 


0.64 [0.55] 


B- 


^ ii:?(1270)7r- 


4.7 [3.0] 


4.7 [3.0] 


P- 




■ iff(1400)7r- 


2.5 [1.7] 


2.5 [1.7] 


B° 


^ iff (1270)?? 


1.5 [1.1] 


10.2 [9.8] 


P° 




iff(1400)r? 


52.8 [52.5] 


46.8 [46.6] 


B- 


^ ifj"(1270)»7 


0.95 [0.65] 


20.7 [19.4] 


P- 




• iff (1400)?? 


95.1 [93.3] 


84.8 [83.1] 


B° 


^ iff (1270)7?' 


1.1 [0.8] 


9.4 [9.1] 


po 




iff(1400)r?' 


51.4 [51.2] 


46.0 [45.8] 


B- 


^ ifj-(1270)r?' 


0.53 [0.4] 


16.6 [15.6] 


P- 




■ iff (1400)7?' 


80.0 [78.5] 


71.9 [70.5] 


B° 


^ iff(1270)if° 


0.20 [0.17] 


0.20 [0.17] 


po 


> 


iff (1400) if ° 


0.11 [0.09] 


0.11 [0.09] 


B° 


^ iff(1270)if° 


0.02 [-] 


0.70 [-] 


po 




iff (1400) if ° 


4.1 [-] 


3.6 [-] 


B- 


-> ifj:(1270)if" 


0.02 [-] 


0.75 [-] 


B- 




iff (1400) if ° 


4.4 [-] 


3.9 [-] 


B- 


iff(1270)if~ 


0.22 [0.18] 


0.22 [0.18] 


B" 




■ iff (1400) A"- 


0.12 [0.10] 


0.12 [0.10] 
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TABLE XI. Branching ratios (in units of 10 ) of B — > AV decays, where ^ is a nonstrange axial-vector meson, using the 
ISGW2 form factors B ^ A transitions and BSW [LCSR] for S — > V transitions. 



Mode 


B 


Mode 


B 




«! P+ 


4.7 [3.5] 




^b-p+ 


0.55 [0.41] 


B° 


atP~ 


4.3 [-1 


B« 


^b+p- 


1.6 [-] 


B° 




0.01 [0.009] 


^b1p° 


0.002 [-] 


B- 




3.0 [2.3] 


B- 


-^b-p" 


0.36 [0.27] 


B- 




2.4 [-] 


B- 


b'lp- 


0.86 [-] 


B° 


— > a\ijj 


0.003 [0.02] B° 


6% 


0.004 [0.001] 


B- 


— > a^u> 


2.2 [5.1] 


B- 


b^u) 


0.38 [0.46] 


B° 




0.0005 [-] 


B° 


^bU 


0.0002 [-] 


B- 


a-^<f> 


0.001 [-] 


B- 


^b-<t> 


0.0004 [-] 


B" 


a^K'^ 


0.64 [0.61] 


B« 


blK**^ 


0.15 [-] 


B" 


—^ a'lK*~ 


0.92 [-] 




b^K 


0.32 [-] 


B- 


a\K*- 


0.86 [0.81] 


B- 


^ blK*- 


0.12 [0.13J 


B- 


a^K*° 


0.51 [-] 


B- 


-> b^K''° 


0.18 [-] 


B° 


-/iP° 


0.03 [-] 


B« 


-^hrp'' 


0.002 [-] 


B- 


^/ip- 


4.9 [-] 


B- 


hip^ 


1.6 [-] 


B° 




0.02 [-] 


B° 


— > hiuj 


0.005 [-] 


B° 




0.0005 [-] 


B° 


— > hicf) 


0.0002 [-] 


B° 




0.43 [0.42] 


B° 


hiK*° 


0.35 [0.32] 


B- 


^ hK*- 


0.45 [0.48] 


B- 


-» hiK*- 


0.50 [0.48] 



TABLE XII. Branching ratios (in units of 10 ^) oi B —^ AV decays, where ^ is a strange axial-vector meson ii'i(1270) or 
Ki{UOO), using the ISGW2 form factors for B ^ ^ transitions and BSW [LCSR] for B V transitions. 



Mode 




B (32°) 


B (58°) 


Mode 


B (32°) 


B(58°) 


B" 




A'r(1270)p+ 


0.62 [0.45] 


0.62 [0.45] 


B'^ 


iff (1400)p+ 


0.45 [0.31] 


0.45 [0.31] 


B° 




K^{1270)p° 


0.001 [-] 


0.02 [-] 


BO 


-» K'l{UOO)p° 


0.05 [-] 


0.04 [-] 


B- 




■ iCr(1270)p° 


0.10 [0.03] 


0.05 [0.07] 


B" 


_ft:j:(i4oo)p° 


0.02 [0.01] 


0.02 [0.01] 


B- 




■ A'i°(1270)p" 


0.001 [-] 


0.001 [-] 


B- 


^ A'i°(1400)p" 


0.001 [0.0006] 0.001 [0.0006] 


B" 




K?(1270)w 


0.0002 [0.001] 0.001 [0.003] B" 


^ if? ( 1400) w 


0.004 [0.005] 


0.003 [0.007] 


B- 




■ K-{1270)oj 


0.06 [0.16] 


0.07 [0.15] 


B- 


^ K-{UOO)u) 


0.06 [0.07] 


0.06 [0.07] 


B° 






0.004 [-] 


0.25 [-] 


B" 


Kf{UOO)<P 


0.87 [-] 


0.66 [-] 


B- 




■ K^{1270)(l> 


0.004 [-] 


0.27 [-] 


B" 


iff (1400)0 


0.93 [-] 


0.69 [-] 


B" 




K^{1270)K*° 


0.96 [0.76] 


0.96 [0.76] 


Bo 


^ K^{UOO)K*° 


0.67 [0.52] 


0.67 [0.52] 


B" 




Kf{1270)K*° 


0.0007 [-] 


0.31 [-] 


B° 


Kl{UOO)K*° 


1.1 [-] 


0.82 [-] 


B" 




■ K^{1270)K*° 

■ ir?(1270)/s:*- 


0.0007 [-] 


0.33 [-] 


B- 


/s:?(i4oo)/s:*- 


1.2 [-] 


0.88 [-] 


B" 




1.0 [0.82] 


1.0 [0.82] 


B- 


0.73 [0.56] 


0.73 [0.56] 



VII. CONCLUSIONS 

In this work, we have presented a systematic study of exclusive charmless nonleptonic two-body B decays including 
axial-vector mesons in the final state. Branching ratios of decays B PA, B VA and B AA (where A, V and 
P denote an axial-vector, a vector and a pscudoscalar meson, respectively) have been calculated assuming the naive 
factorization hypothesis and using the improved version of the nonrelativistic ISGW quark model in order to obtain 
form factors required for B — > A transitions. Form factors for S — > P and B ^ V transitions were obtained from 
the WSB model and LCSR approach. Wc have included contributions that arise from the effective AB = 1 weak 
Hamiltonian H^ff, i.e., wc have considered T4^-extcrnal and M^-intcrnal emissions, which have contributions of ai 
and 02 QCD parameters, respectively, and penguin contributions given by a3,..._io QCD parameters. The respective 
factorized amplitudes of these decays are explicitly showed in appendices and their penguin contributions have been 
classified. We also present a comparison between B ^ A and B ^ V transitions. 

We have obtained branching ratios for 141 exclusive channels B AP, AV and AA where the axial-vector meson 
can be a ^Pi or a ^Pi meson. We also studied the dependence of the branching ratios for B — > KiP{V,A) decays 
{Ki = i4'i(1270), ifi(1400) are the physical strange axial-vector mesons) with respect to the mixing angle between 
Ka and Kb. The best scenarios for determining this mixing angle are the decays B° K^{1270)r]^'\K°,K*°) and 
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TABLE XIII. Branching ratios (in units of 10 ) of _B — + bi{hi)P and B bi{hi)V decays, calculated with decay constants 

in the hmit ft^ = fh^ ~ 0. 



Mode 




B" 


b^ 71+ 


u.u 


B~ 


7 n 


n 9Q 


B~ 


~* ^1 '7 


U.UDl 


B~ 


-» b^n' 


0.58 


B" 


- b~p+ 


0.0 


B- 


- b-,p' 


0.0005 


B« 


-^b'iuj 


0.02 


B' 


— + fe^o; 


0.004 


B« 




0.02 


B" 




0.16 


B~ 




0.34 



TABLE XIV. Branching ratios (in units of 10 ^) of B ~+ AA decays, where A is a nonstrange axiaLvector meson, using the 

ISGW2 form factors. 



Mode 




B 


B"^ 




6.4 


B° -» 


a?a? 


0.1 


B' 




3.6 


B« 


alh 


0.02 


B- 


a-i fi 


3.7 



B (1270)?7' -'(-ft'", K*'^) because their branching ratios strongly depend on the mixing angle. 

Our results show that some of these decays can be reach in experiment. In fact, decays B~ — > a\iT~ , B^ — > tt^, 
B- a^K°, B° atK-, B° fiK°, B' fiK' , iff (1400)7?('\ B' b^K^, and 5° 6]^7r-(if-) 

have branching ratios of the order of 10~^. 

At experimental level there is not enough information. In Ref. 5] there are only bounds for branching ratios of 
some charmless B AP, AV, AA decays (see Table XVI). In general, our results are smaller that these bounds 
by two orders of magnitude. Our predictions Br{B^ o^tt^) = 36.7 x 10^^[23.5 x 10~^] and Br{B'^ oIti^) = 
74.3 X 10"^[-], i.e. the CP-averaged_branching ratio Br{B^ ai^^Tr^^) = 55.5 x 10"'5[48.9 x 10"^] is consistent with 
the experimental average value Br{B^ of tt^) — (40.9 ± 7.6) x 10~^ [H]. This average includes BaBar and Belle 
results [H. 

In general, we can explain the large branching ratios for B -ftri(1400)?7^ as a combination of effects, the 
constructive interference of the terms 04 and ag which are the bigger coefhcients in the penguin sector of the effective 
Hamiltonian and the two mixing Kia — -ft'is and 77 — 77' involved in the decays. 

Finally, we want to mention that our predictions are at the same order that ones obtained by Laporta-NarduUi- 
Pham (see Tables V and VI in Ref. Q), although our values are in general bigger, except in a few modes. On the 
other hand, predictions obtained in Ref. [gj (see Tables II and III) for B Ki{l27Q)(j) and B (1400)0 and 

our predictions for these modes (see Table XI) do not agree, except for the case with N^^f = 00 and 9 — 58° (with 
/i = 2.5 GcV or /i = 4.4 GeV). In this case the respective branching ratios are 0(10^^). 
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TABLE XV. Branching ratios (in units of 10 ^) oi B ^ KiA decays, where ^ is a nonstrange axial-vector meson, using the 
ISGW2 form factors. The Ki axial mesons are if i (1270) and ifi(1400). 



Mode B (32°) B (58°) Mode B (32°) Z?(58°) 







0.79 


0.79 


B'> 


ii'r(1400)a+ 


0.49 


0.49 


B° 


A:?(1270)a? 


0.002 


0.03 


B° 


_ft'?(1400)ai' 


0.08 


0.06 


B- 


-> ^^(1270)0? 


0.12 


0.06 


B- 


^^(1400)0? 


0.03 


0.03 


B- 


-» A:?(1270)aJ- 


0.002 


0.002 


B- 


if?(1400)a- 


0.001 


0.001 




^i??(1270)/i 


0.44 


0.53 


5° 


->i??(1400)/i 


0.48 


0.44 


B- 


-^K-{1270),h 


0.15 


0.27 


B- 




0.34 


0.29 



TABLE XVL Experimental bounds for branching ratios of some charmless B AP, AV and A A decays reported in [^. 



Mode 








B" 


af (1260)7r± 


< 


4.9 X 10 


-4 


5° 


^ a?(1260)7r° 


< 


1.1 X 10 


-3 


5° 


^ a+(1260)p~ 


< 


3.4 X 10 


-3 


B° 


^ a?(1260)p° 


< 


2.4 X 10 


-3 


B" 


-> i4:+(1400)7r- 


< 


1.1 X 10 


-3 


B° 


^ a+(1260)is:" 


< 


2.3 X 10 


-4 


B° 


^ ii'?(1400)p° 


< 


3.0 X 10 


-3 


B° 


Kf{UOO)cj> 


< 


5.0 X 10 


-3 


B+ 


a+(1260)7r" 


< 


1.7 X 10 


-3 


B+ 


^ a?(1260)7r+ 


< 


9.0 X 10 


-4 


B+ 


at{l260)p" 


< 


6.2 X 10 


-4 


B+ 


a^(1260)a?(1260) 




< 1.3% 




B+ 


7i'?(1400)7r+ 


< 


2.6 X 10- 


-3 


B+ 


^ A'+(1400)p° 


< 


7.8 X 10- 


-4 


B+ 


^ K+{UOO)(t) 


< 


1.1 X 10 


-3 



APPENDIX A: MATRIX ELEMENTS FOR B DECAYS TO AN AXIAL AND A PSEUDOSCALAR 

MESON 



"(rnljl VubV:^ ai - VtbV^^iai + a^) 



(Al) 



a4 + aio + 2(a6 + as) 



{ruu + md){mb - r7i„) 



(A2) 



-VtbVt 



td 



-04 - (2a6 - flg) 



7^ 7 r - o(3a7 - Sag - aio) 

2md[mb - md) 2 



+2maJa,F^^^{mi^)l VubV:d - VubV:d 



-ai ~ ^{^o.'^ ~ Sag - aio) 



(A3) 
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-04 - 2 (^'^7 - 3a9 - aio) - (2a6 



ml 



2md{mb - rud) 



(A4) 



ci4 + aio + 2(a6 + i 



{rud + m„)(mb - m„) 



(A5) 



td 



2a3 + a4 - 2a5 + (2a6 - ag) 



2ms{mb-md) IP./ 



- 1 ) ''r/O - ^(07 - ag + aio) 



1 3 , 
-04 + 2 "10 - 2(^*7 - ag) 



as - as + 2(^7 - ag) 



+2im^nf;nyiF^"' a2 - VtbV^d {a, - - ar + ag) 



(A6) 



M{B- af/^) 



-VtbV,*d 



1 "^^(') 
2a, + a,- 2a, - -{a, -a, + a,o) + {2a, - a,)^^^^_ 



— 1 r^i') 



2a3 + 04 - 2a5 - -(07 - ag) 



+2im^,,,^^^,,V^-'''{ml^A as - VtbV^d (as - as - ay + ag) 



(A7) 



^ a°^°) = 2TO„,/„,Ff ^^(m^j J y^,y;^ ^2 - W«7T(-a7 + ag) 



-2imKfKV^-''''{m]i)VtbVt 



1 /r. \ 

a4 - xaio + (2a6 - a8)7 ; r-; 

2 (m^ + md)(m6 - md) 



(A8) 
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M{B°^atK-) = 2imKfKVo''~*^'{ml)\VubV:,ai 



-VtbV* 



04 + aio + 2(a6 + as) 



•'K 



(tos + mu){mb - rriu) 



(A9) 



M{B- ^ alK-) = 2imKfKV^^'''{m%){ KbK^ai - VtbVt 



ai + aio + 2(a6 + ( 



{nis + m„)(m6 - m„) 



(AIO) 



1 . m' 
a4 - -rctio + (206 - asJT ^ r, ^ 

2 (mg +md)(m6 -md) 



(All) 



M(S"^/i7r") = 2im,/,yo"^^^(m^)|K6V;:da2- 

+2m/J/,Ff ^-(my I KblC, a2 - Vt^V, 



a, - i(3ar - Sag + a^o) + {2a, - '^s) ^^^^^l- m,) _ 



td 



2a3 + a4 - 205 - -(07 - ag + aio) 



(A12) 



A^(B-^/i7r-) = 2im^/^y(f-'^^(m2)<'KfaV;>i-Ft6V; 



td 



a4 + aio + 2(a6 + as) 



(rrid + m„)(m6 - m„) 



2a3 + 04 - 2a5 - ^(a? - ag + dio) 



(A13) 



A^(BO^/i/)) = 2im,n/;(oK)^^^^K('))<|K6K"d«2 



1 (') 
2a3 + a4 - 2a5 - -(a^ - ag + aio) + (2a6 - ^s) .^^^ _ ^ 



1 



2a3 + 04 - 205 - 2('^7 - og + oio) 



03 - 05 + 2(^7 - Og) 



+2im^(0 /^V) Fo^^^^ (m2(,, ) <j K.^d «2 - l^tb V/, [03 - 05 - 07 + , 



(A14) 



2az - 2a5 - -(07 - Og) 



-2imKfKV^^^' {m%)VtbVZ 



1 Tfi' 

04 - -rOio + (2o6 - as)- ^ -7 

2 [ms + md){mb - md) 



(A15) 
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M{B-^hK-) = 2imKfKV^^f'{m\)}^ubV:,a^-VtbV:^ 
+2mfJf,F^^''{m\)\VubV:,a2 - Vt.VZ 



ai + aio + 2(a6 + i 



{nis + m„)(mb - m„) 



2a3 - 2a5 - - (a? - ag) 



(A16) 



^ iff 7r+) = 2zm,AVo^^^^(m^)<^ Kf,y;, ai - ^(6^/, (04 + aw) 



(A17) 



04 — 2^^° 



(A18) 



^ iff tt") = 2im,/^yo''"'^n"i')<!K6K;«2-Vt6l4:^(-a7 + a9) 



+2mKi/ifii^f ^"(m;^,(i270))i ~ ^thVu^fl^ + aio) 



(A19) 



M{B-^K'ii,-) = -2mKjK^Ff^-{mj,JVtbV*i (a4--aio 



(A20) 



2(03 - as) - -{ar - ag) 



as + 04 - as + -(07 - ag - aio) + (2a6 - og) 



„(') 



2ms{mb -nis) \ Pf,, 



+2im^o/>)V^f ^^nrn'('))|K6C «2 - V^tbV^t^las - ag - a7 + a9)| (A21) 



2a3 - 2a5 - -(a7 - ag) 



+2mKjKiF^^'^'' \m]i^) \ VubV*^ ai - VtbV^^ai + aio) 



1 (') / /"(') 

as + a4 - as + -(a7 - ag - a^o) + (2ae - «b) ^^^^ _ (^1 - 



+2im^(')/;(')^o^"'^H^'('))<i KfeK*. «2 - Vi6y,:(a3 - as - a7 + ag) 



(A22) 
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(A23) 



1 . 171%- 

04 - -^aio + (206 - 08)7 \ w r 

2 {rris + md){mb - rris) 



(A24) 



04 - ttCho + (2a6 - as) 7 ■ . , , 

2 [ms + md){mb - msj 



(A25) 



M{B- K°K-) = -2mKjK,F^''^^{mljVtbV;^l^ (^a^ - ^aw 



(A26) 



APPENDIX B: MATRIX ELEMENTS FOR B DECAYS TO AN AXIAL AND A VECTOR MESON 



M{B°-^a^p+) = 



( ] ( 2V^^Pim^ ) 



i{mB + mp)Af^''{mi^){ep ■ eaj + 



{rriB + mp) 



(Bl) 



M{B° ^ a+p-) = -mpfp\ KfelCd ai - ^4614*^(04 + aio) |> ( 7:^— W^^^.PBPf, 



-i{mB +ma^)Vf^''^{ml){eai ■ Cp) + — ■ ^(e^i ■PB){ep-PB) 

[niB+mai) ^ 



(B2) 



M{B"^a^^p^) = -mpfplVubV:^a2-VtbV, 



td 



-a4 + - (3a7 + Sag + aio) 



-j(ms + maJFi^^'''(m^)(eai • e^) 



-(eai ■PB){ep-PB) 



{rUB + ruai ) 



-z(ms +mp)Af^''(m^J(ep • CaJ + 



a4 - 2^^0,7 - Sag - aio) 



-j^ \ ^(cp • Ps)(eai • Pb) 

{niB + mp) 



(BS) 



M{B- 



ofp[VubV*^a2^ 



\^ (tob +mai) 



-i(mB + m„jyi^^"HTO2)(e„, • e^) + 



7 ■ ^(cai •Ps)(ep-Ps) 

(TOB+moJ ^ 



+majai < VubV*aai - VtbVt*i^{-a7 + ag + aio) |> I + m°)' ^'"'^"/^^"i^p^^^p 



(m_B + mp) 



-z(mB +mp)^f^^(m^J(ep ■ e„J + ^'J^^^ (^p " PB)(eai • Pb) 1 (B4) 
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3 1 / 2y4^^"i ( 



m 



2\ 



M{B ^a'ip ) = -mpfp^VubV*aai - V^tbT4d^(a7 + ag + aio)| ^ _^ ^^^^ '^f^'^afi'^p'^aiPBPai 
-i{mB + majV^ ^'''("^p)(eai • Cp) + 7 ^ r(eai • PB)(ep • ps) 



+mai /a, K6Kda2 ^ ^(^^ e^L^a/je^^ fpPsPp 



i{mB + mp)Af^''{ml){ep ■ e„J + 'f^ '^"^"l^ ep • ps)(e„, • ps) ) (B5) 



i(mB+m„J<^''^(m2,.)(eai -ei^O + ^T^ r^^i^a, ■ PB){eK' ■ Pb) (B6) 



jyS^ai/ 2 \ \ 

-j(mB + majV;^^''U'«^*)(€ai •eif-) + -r r^^^(eai -psjCeif* ■ Pb) 

[niB + rua-^ ) J 

-liniB + mK'Af^''' {mlJieK^ ■ e^J + ^^(e^. ■ PB){ea, ■ Pb) (B7) 

{1 / 2A^^°-^ (m"^ ] 
VubV:,ai - VtbV;,{ai + aw) -^^e^.a/3e^.<,pS< 
J Y (mB + ma J 

•T^B-^ai/ 2 ^1 \ 

-i(ms+m„JFi^^»n<.)(ea. + ■ PB){eK' ■ Pb) 

(niB + TOai ) J 

I I \ \ (niB + rriK' ) 



-i{mB + mK')Af^'' {mlJicK' ■ e„J + ^^^^^^"y {ck- ■ PB){ea, ■ Pb) I (B8) 



M{B-^a^K*°) = ruK^ Jk^ | V,bV* (^a, - la^o) | ^^^^^ ^ e^.«ff e^, e^^p^g^ 

(ms + rriai ) 



-i{mB+ma,)Vf^''^{ml,){ea,-eK^) + -^ A_f£ll^ea, ■ PB){eK' ■ Pb) (B9) 
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td 



2a3 + a4 + 2a5 + -(07 + ag - aio) 



2A^^"i(m2; 
(r7?.B +maj 



■e^ii/a/se^eaiPsPfi 



-i{mB + maJVf^"' {ml){eai ■ e^) 



(ms + moi) 



(Cai ■Pb){c^- -Pb) 



+maja, { VubV*a ai - VthVu 



1 



-04 - 2('^°'7 - Sag - oio) 



{tub + Too,) 



(ew •Ps)(eoi -Vb) 



(BIO) 



2az + 04 + 2a5 + - (ay + ag - aio) 



-i(mB +majyi''^"^(mi)(ea, • e^) + 



{niB+mai) 



(eai •Ps)(ea; ■ Pb) 



+majai \ VubV*aai - VtbVtKai + aio) } I -7 , e,t^L/a/3<e>BP£ 

\ (mB + mo,) 



af--(m^J 
(mB + rriu) 



(Cu; ■PB){eai ' Pb) 



(Bll) 



7W(B' 



, „o. 



1 



as + a5 - -(ar +ag) 



-i{mB +mai)Vi^^"'(m^)(eai • e^) + 



(mB+m„J ^''''"/'^'^^"i^'BPai 



(ms + ) 



Cai ■ PB)ie<i, ■ pb) 



(B12) 



>1(B- ^ ar<?i) = -\/2>l(B° ^ a?.?i) 



(B13) 



-i{mB + mfjVf^^''{ml){ef, ■ Cp) + 
+mfjf, I VubV*^ ai - VtbVu 



-a4 + 2 (^"7 + 3ag + aio) 



2a3 + a4 - 2a5 - -(07 - ag + aio) 



B 2 ) A 

-i(mB+TOp)Ai^^(TOj.J(ep-e/J + -^^^j— p^^(ep-pB)(e/i - pb) I 



^ (mB + mp) ^/^-"/^e/.epPB^p 
(B14) 
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M{B ^ fip ) = -m }p{ VubV*^ai - VtbVt^ (04 + aw) 



2a3 + a4 - 2a5 - -(07 - 09 + aio) 



B 2 iA^^P{m) ) ^ 

i{mB+mp)A^ ^(mjj(ep • e/J + ^^^(ep • ps)(e/, • ps) 



(B15) 



,-yB->/i/ 2 \ ^ 



203 - 2a5 - -(07 - 09) 



2V 



-i{mB+mK')Af^''\m\){eK'-ef,) ' '—^ 



{ruB + rriK') 



\\{mB + mK>)'''^''''f^''<'P^''^' 
{CK* ■ PB){ef, ■ Pb)] (B16) 



+mhfh { yubV*,a2 - VtbVt] 



2a3 - 2a5 - -(07 - ag) 



-i(mB+mif.)^f (m^^ ) (e;^- e/ J + ^ ^J^'^ {ek- ■ PB){ef, ■ Pb) j (B17) 



2a3 + ai + 2a5 + -{aj + ag - aio) 



-i{mB + mf,)V^ '^u, e/i • eo, + 7— — — ^ 



+mfjf^ { VubV*a a2 - VtbVt*i 



2a3 + 04 - 2a5 - -(07 - ag + aio) 



B 2 iAf^^im) ) ^ 

-i{mB + m^)A^ ^'^(m^J(e„ / , ^ x i^u, ■ PB){ef, ■ Pb) 

\TflB \ fit^oj ) 



(B18) 



^3 + a5 - -(a7 + ag) 



'^fivaP^^i^f^PBPf^ 



(e/i •Ps)(e,/, - Pb) 



(B19) 
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{1 ( 2V^^Piw? ) 

-t{mB + mp)A^ (wj^i)(ep • e^i) + -7 : hi^p ■ PB){eKi ■ Pb) ] (B20) 

[TUB + nip) I 



-i{mB + mK^)Vf^^^ {ml){eKr ■ Cp) + ^ (^-^i •PB)(ep -Ps) j 

1 \ 1 /2y^-'''(TO2 ) 



{tub + rrip) 



-i{mB + m,)Af ^^(m^J(e° • J + / • PB)(eK, • Ps) (B21) 



-^(mB + m/fJVl ^ ' • e^) + _^ ^ (eifi • VB){ep ■ Pb) I 

jKfelCsai - ^t6V;;(a4 + aio)| ^ (^^^^ + ^ ^^''"^^^^^^^^^^ 

-i(mB + mp)Ai '^(TOifJ(ep • eif J + — ; r-(ep • PB)(eifi • pb) (B22) 

(^ms + irip) I 



( / 1 \ 1 /2V^^Pim'lo) 

M{B- ^ = -rriKjKAVtbV* [a^ - -a^j [I (m^ + rup) ^^-/^^^i^»f 



-i(ms+mp)^f^^(m|,J(ep-eKi) + ^^^^(ep-PB)(eifi-Ps) I (B23) 



2(03 + 05) + -(07 + 09) 



• T^S^A-w 2\ 

-i{mB+mK,)Vf-''-{ml){eK,-eu,) + i^—^^ieK,-PB){ea.-PB) 



2A^-'^^iml] 
{niB + niKi ) 



(tob + ) 



-m/fi/ifiVtbyt*^ ( 04 - iolo 



2V'^^'^(mi ) 



{niB + m^,) 



-iiniB + 'mu)Af^'^ {mj(J{ea, ■ exj + 



af-"(m|J 
(ms + rriu,) 



(e^ •PB)(e^i - Pb) 



(B24) 
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M{B-^K-u) = -m^fu.{VubV:,a2-VtbV* 



2(a3 +a5) + 2(^7 + ag) 



-i{mB + mK^)V^^'^^{m1){eK^ ■ e^j) + 



B^Ki / 2 - 



+mKjKi { VubV*^ai - VtbVt*{a4 + aio) 



'2V^^'^(m?, ) 



{niB + m^) 



-i{mB + mu,)Af^'^ {m%J{eu, ■ ckJ + -j^ — - — ^(e^ •ps)(eKi ■ Pb) 



(B25) 



as + 04 + 05 - - (07 + og + aio) 



{mB+rriKi) 



(exi ■PB){e^-PB) 



(B26) 



-i{mB + rriKiWi^^^^ {m%:,){eK^ ' ^k*) 



2AB^^^ (m|..) 



(ms + TOKi ) 



-^IJ.vatS^K'-^'kiPBPjili 



'^f^^p^{eK.-PB){eK,-PB)] (B27) 
[niB+mKi) I 



APPENDIX C: MATRIX ELEMENTS FOR B DECAYS TO TWO AXIAL MESONS 



MiB" a^) = niajai { KbKdOi - VtbV^^{ai + aio) 



(ms + rriai) 



B^ai / 2 



("iai)(ea 



2 ("^gj 

(tob + mai) 



■<^nucc0e\e'i-P%p'i, 



(CI) 



A^(S"^a^a^) = maJaAVubV:a2a2-2VtbV:i 



-ai - -^{^ar - 3ag - aio) 



(ms + ruai ) 



-i(mB + mai)Vi^^"'(™ai)(eai -£01) + 



iV., 



B^ai I 2 



{niB+ma^) 



(ttz ) 

°' (Cai •PB)(eai -ps) 



(C2) 



7W(B- ^ a^a?) 



■yS^ai/ 2 \ 
(_mB + niai) 



(eai •PB)(eoi - Pb) 



+m„J.,|K6V;>2H^ (mB+m^) ^^-^<^<rP^< 

^^B^ai/ 2 \ > 

-i(mB + majyi^^°Hm^J(e„, •e„J + -^-— ^^(e„, •pB)(eai -Ps) 

(^TTlB + n^ai ) . 



(C3) 
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2a3 + a4 - 2a5 - -(ay - ag + aio) 



-B^ai / 2 



(ms + ma 



•PB)(e/i -Pb) 



3, , 1 ■ 

-a4 - ^("T - ag) + -^aw 



{niB + ruf^) 



"1 c cy rfi 



-i{mB + mf,)Vi^^^\mlj{ef, ■ e^J + 



(ms + TO/i ) 



(e/i •PB)(eai - Pb) 



(C4) 



M{B ^a^fi) = mfjf, I VubV*^ as - VtbVt 



td 



2a3 + a4 - 2a5 - - (a? - ag + aio) 



■PB){ef, - Pb) 



+maja, I VubV:^ ai - 146y;d(a4 + aio) j ( ^^^"J^^^^ 



(m_B + m/i ) 

(e/i •PB)(eoi - pb) 



{tub + ruf^ ) 



(C5) 



-i(mB + mai)Vi^^'''(m^J(eai • eicj + 



(ms + ) 



(cai •PB)(eifi -pb) (C6) 



(tob + m^i ) 



-(eifrs)(eai - Pb) 



(tob + JWii'i) 



1 \ I / 2A^^°i(m|. ) „ . 



{rriB + ma J 



-i{mB + TOai)V]^^'*'(™/s:i)(eai • exj + 



(rriB + ) 



(eai •PB)(eXi -ps) (C7) 



niKjK.I^VubV;^, - VtbVtliai + aio)| ^ _^ ^^^^j ^^'-«/3e^, ^aiPsPa, 
-i(mB +mai)Fi^^"'(™l:i)(eai -eifj + ^.^^j ■ PB){eKi ■ Pb) 

+maja^ I KbKTs + ^46^*4^"^ " i f ^(^^ + l^^")^ ^H>^«l3e''a^^KrPBPK^ 



^(exi -PsJleai - Pb) 



{niB + rriKi ) 



(C8) 
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MiB K'l) = -ttikJk^ { VtbV;, [ 04 - -aw 



(m_B + ma J 



(ms + TOai) 



(eai •PB)(eifi -Pb) (C9) 



A1(S0 ^ ^0^^) ^ ^^^^^^ ) - VthV;, 



2a3 ~ 2a5 - -(07 - ag) 



-rriKjKi <^ VtbVtl ( 04 - -aw 



{niB + rriKi) 

V A 1 / u a p 



^ (mB+mK,) ^^'^'^P^h^K.PBPK^ 



-i{mB + m/jyi^^-''^(m|.J(e/i • e^J + 



^(e/i -PbWk^ -Pb) 



(CIO) 



■mKjKt^ubV*^ai - VtbV*^{ai + aio)| ^ ^ ^^^^j ^ (^t^'^afi^K^ ^hPsPf, 

-i{mB + mfjvf^^'' {mj^J{ef, ■ ek,) + ^tI:— ^^^(^/i ■PB)(eK^ ■ Pb) 



+mfjf^ < VubV*,a2 - VtbV^* 



2a3 - 2a5 - -(07 - ag) 



I I ™ ^ ^t^'Jo^P^h^KiPBPKi 

(mB+rriKj ' 



(e^i ■PB)(e/i - Pb) 



(Cll) 
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